Effects of single intraperitoneal administration of trichloroethylene, 1,1,1-tri- to 1000 mg/kg. With 1,1,1-trichloroethane at 100 to 300 mg/kg, VLDL and LDL were increased. The HDL levels rose at 100 mg/kg but fell at 1000 mg/kg. Thus trichloroethylene impairs VLDL formation at low doses. 1,1,1-Trichloroethane stimulates the VLDL synthesis at low doses and inhibits it at high doses. The decreases in HDL at high doses of trichloroethylene and 1,1,1-trichloroethane resulted from the inhibition of HDL synthesis.
INTRODUCTION
try, mostly as a cleaning solvent. In humans, many chlorinated hydrocarbon solvents including trichloroethylene cause liver and kidney injury and some dysfunctions of the central nervous system.1,2) Cardiac sensitization has also been reported by 1,1,1-trichloroethane exposure. 3, 4) In experimental animals trichloroethylene and 1,1,1-trichloroethane cause central nervous system depression .5-7) Hepatotoxicity has been reported also in rats and mice on exposure to high doses of trichloroethylene and 1,1,1-trichloroethane.8,9) With exposure to some chlorinated hydrocarbon solvents which are relatively toxic, such as carbon tetrachloride, the concentrations of plasma lipoproteins decrease.10) Apparently this results from a decrease in the synthsis and secretion of the lipoproteins. These changes in lipoprotein metabolism appear to be due to the liver injury produced by the hepatotoxins.11) In this study the effects of trichloroethylene and 1,1,1-trichloroethane on plasma lipoproteins of rats were investigated in relation to the changes in liver and plasma transaminase activities. These effects were compared with carbon tetrachloride effects (positive control) as preliminaries for the evaluation of hepatoxicity of chlorinated hydrocarbon compounds, since the toxicity of these compounds is not sufficiently clarified. We also hoped that lipoproteins might be more sensitive markers of hepatotoxicity since plasma transaminase activities, which are widely used as markers of hepatotoxicity, are neither sensitive enough nor always specific to liver injury.
MATERIAL AND METHODS

Animals
We used male Fischer 344 rats, 5-to 6-month-old (Japan Charles River) supplied chow diet (CE-2, Nihon Clea, Japan) and tap water ad libitum. Differences among the four groups were analyzed by analysis of variance (Ftest). Dunnett's multiple t-test was also used to compare the control and the solvent-treated groups. A p-value of < 0.05 was chosen to indicate significance.
RESULTS
Conditions for Ultracentrifugation
To obtain the appropriate time for the separation of rat lipoproteins, the plasmas were divided to 2.2 ml fraction and were centrifuged at d 1.006 for various hours.
The top 1.5 ml fractions were removed as VLDL fractions. Other fractions of rat plasma were centrifuged for 22 hr at d 1.006 and the VLDL fractions were removed. By adding NaBr solution, the density in the tubes was raised to 1.063, and these tubes were centrifuged for various hours. The top 1.5 ml fractions were removed as LDL fractions. The VLDL and LDL fractions of other groups of plasma were removed by centrifugation at d 1.006 for 22 hr and at 1.063 for 22 hr, respectively. Then the density in the tubes was adjusted to 1.125. Following centrifugation for 23-46 hr, the top 1.5 ml fractions were removed as HDL2. From other groups of plasma fractions, VLDL, LDL, and HDL2 fractions were removed (46-hr centrifugation for floating HDL2), and the remaining fractions were centifuged for 23-46 hr at d 1.210. The top 1.5 ml was removed as HDL3. The lipid and protein contents of these fractions were determined. 
Level of Plasma Lipoproteins
Several time course studies showed that the maximal changes in serum GPT activity and serum triglyceride content occurred between 16 and 34 hr following the injection of 30 to 1000 mg of carbon tetrachloride/kg.
Maximal changes in these parameters induced by 1000 mg trichloroethylene/kg occurred between 4 and 24 hr.
With 1000 mg 1,1,1-trichloroethane/kg, maximal changes were produced between 4 and 19 hr following the injection. From these preliminary data, 19 hr was chosen as an interval between the administration of organic solvents and the sacrifice of the rats.
In a first series of experiments, the level of plasma lipoproteins was determined in control rats and in rats treated with 30, 100, and 1000 mg of carbontetrachloride per kg of body weight.
The lipids and protein composition of the unfractionated plasma, and the medium and bottom fractions at d 1.210 were also determined. Tables 1 A and 1B summarize the results. Cholesterol, triglyceride, phospholipid, and protein concentrations in the plasma and lipoprotein fraction were significantly lower in carbon tetrachloride-treated rats at 30 mg/kg than in control rats except the protein contents of unfractionated plasma and medium fraction, and the triglyceride contents of HDL, medium and bottom fractions. This effect of carbon tetrachloride was dosedependent in the plasma, VLDL, HDL, medium, and bottom fractions.
Decreases in the lipid contents of LDL fraction were maximal at 30 or 100 mg/kg. Tables 2A and 2B show the effects of single administration of 30, 300, and 1000 mg of trichloroethylene/kg.
The lipid contents of the VLDL and LDL fractions were lower in the 30 and 300 mg/kg groups than in the control group. However, those in the 1000 mg/kg group were higher than in the control group. In HDL fraction lipid concentrations were decreased dose dependently by the administartion of trichloroethylene but triglyceride was not. Protein concentrations in the VLDL and LDL fractions were increased and those in the HDL fraction were decreased by the trichloroethylene.
The effects of administration of 1,1,1-trichloroethane at 100, 300, and 1000 mg /kg are summarized in Tables 3A and 3B . The lipid and protein levels in VLDL and LDL fractions increased on 1,1,1-trichloroethane. The maximal increase in the VLDL and LDL fractions occurred at 300 and 100 mg/kg, respectively.
The esterified-to-free cholesterol ratios of lipoprotein fractions were calculated in each group and are summarized in Table 4 . Great changes in these ratios occurred in the carbon tetrachloride groups. The ratios were increased in the VLDL fraction but decreased in the LDL and HDL fractions.
Changes in Liver Weights
The bodies of the rats treated with organic solvents were weighed before exsanguination. The livers were weighed after exsanguination (Table 5) . Liver weights and liver-to-body weight ratios were increased in rats treated with carbon tetrachloride at doses of 30 mg/kg or more.
On the administation of trichloroethylene, statistically significant increase in liver weight occurred at 1000 except a slight but not significant increase in GOT at 1000 mg/kg.
DISCUSSION
We have described the changes in lipoproteins produced by a single administration of trichloroethylene and 1,1,1-trichloroethane. 13, 14) We have found no such effects previously.
It is believed that the reduction in plasma lipoprotein levels by the administartion of carbon tetrachloride is due to the liver injury followed by the inhibition of the synthesis and secretion of lipoproteins.11) In our study the components of plasma lipoproteins of rats injected with carbon tetrachloride were decreased dose dependently except the LDL fraction. The cholesterol, triglyceride, and phospholipid contents of the LDL fraction at 1000 mg carbon tetrachloride/kg was higher than those at 30 and 100 mg/kg. However, the protein content of LDL fraction at 1000 mg/kg was lower than at 30 or 100 mg/kg. Consequently, the lipid/protein ratio of LDL was elevated by high doses of carbon tetrachloride. This means the lipid/protein composition of the LDL at 1000/mg/kg was greatly different from the control, 30, and 100 mg/kg groups. The effect of high doses of carbon tetrachloride on LDL found in this experiment have not been previously reported. Plasma VLDL is synthesized in the liver and secreted into the blood stream, and is converted to LDL in the blood.15) In the present experiment the conversion from VLDL to LDL appears to have been altered by the administration of 1000 mg carbon tetrachloride/kg in addition to the inhibition of VLDL synthesis which caused the decrease in VLDL and LDL contents at lower doses. Almost all lipid and protein components of the HDL, medium, and bottom fractions were reduced by carbon tetrachloride. The only exception was triglyceride. The synthesis of HDL and VHDL (very high density lipoproteins which are d > 1.21 lipoproteins and are included in the medium and bottom fractions) was lowered by carbon tetrachloride, as was VLDL synthesis. However, the lack of effects on triglyceride levels were not explained by our studies. In rats injected with 30 or 300 mg trichloroethylene/kg, the lipid contents of the VLDL and LDL fractions were decreased while the protein contents were unaltered. The impairment in the livers of the VLDL formation from the lipids and proteins could account for these phenomena.
At 1000 mg/kg, both the inhibition of LDL uptake into the liver and the reduced velocity of conversion from VLDL to LDL apparently contribute to the simultaneous increases in VLDL and LDL. The plasma content of HDL decreased dose-dependently at 30 to 1000 mg/kg and this apparently resulted from the inhibition of HDL synthesis.
With 1,1,1-trichloroethane administration at 100 and 300 mg/kg, VLDL, LDL, and HDL were increased.
Apparently the synthesis and excretion of these lipoproteins were stimulated by the 1,1,1-trichloroethane. However, the mechanism of these changes remains murky.
HDL was reduced at 1000 mg/kg, possively due to the inhibitionof HDL synthesis.
In rats treated with carbon tetrachloride, the esterified/free cholesterol ratios were greatly increased in the VLDL and decreased in the LDL and HDL fractions. In the metabolic pathways of the cholesterol of rat lipoproteins, the esterified fr m of cholesterol is converted to free form by the cholesterol esterase while the free form is converted to the esterified form by the acyl-CoA cholesterol acyltransferase. These conversion processes appear to have been modified by carbon tetrachloride, particularly at high doses.
The increases in liver/body weight rations by carbon tetrachloride and trichloroethylene were statistically significant at 30 mg/kg, and those by 1,1,1-trichloroethane were significant at 1000 mg/kg. The liver was enlarged by a single administration of the other chlorinated hydrocarbon compounds which have very weak hepatotoxicity (unpublished observation). This increase in liver weight induced by trichloroethylene was considered a toxic effect, although the response was attributed to hypertrophy of hepatocytes rather than regenerative hyperplasia, on the basis of histological examination.16) The degree of enlargement was greatest with carbon tetrachloride administration while the least effect was observed with 1,1,1-trichloroethane.
This order of potency was consistent with the degree of hepatotoxicity of these three compounds.
No statistically significant increases occurred in either GOT or GPT (traditional markers of hepatotoxicity) at 100 mg carbon tetrachloride/kg, 300 mg trichloroethylene/kg, or 1000 mg 1,1,1-trichloroethane/kg.
The liver enlargement appears to be a sensitive marker in the evaluation of hepatotoxicity of chlorinated hydrocarbon compounds.
The serum transaminase activities (GOT and GPT) have been believed to be the most Sensitive markers of severity of hepatic injuries. In our study, the effects of carbon tetrachloride on lipoprotein contents definitely appeared at 30 mg/kg. However, GOT activities were not altered at this dose. And the slight increases in these enzyme activities at 100 mg/kg were not statistically significant. With trichloroethane administration at 30 mg/kg, VLDL-protein was increased and LDL-and HDL-free cholesterol were decreased. At 300 mg/kg, significant changes occurred in a variety of determinations (VLDL-free cholesterol etc.). However, there were no changes in transaminase activities at these doses. 1,1,1-Trichloroethane elicited increases or decreases in many lipoprotein components at 100 mg/kg, but the GOT and GPT remained unchanged even at 1000 mg/kg. This indicates that the changes in lipoprotein and its components are much more sensitive markers for the effects of chlorinated hydrocarbon solvents. These changes are probably related to the hepatotoxicity of solvents as shown by the liver enlargement. 
